In this paper, we investigate the influence of airport operation on property prices. In this research, we apply spatial hedonic regression and a difference-in-differences approach to address the introduction of new land use restrictions on property prices. We use data on housing transactions from two housing submarkets around regional airports in Poland. The results suggest that the introduction of land use restrictions impacts property prices. In general, as expected, more rigid restrictions translate into higher discounts in property prices. This research contributes to the limited knowledge on the impact of the introduction of land use restrictions on property prices, as most previous papers have focused solely on the impact of noise. These findings must be treated with caution, as some estimates were not statistically significant, mainly due to limited sample size. The research has important policy implications. Growing airports in Poland face tensions between economic and environmental sustainability. Currently, airports in Poland are obliged to limit their environmental impact by creating limited use areas related to the aircraft related noise while being responsible for property value loss related to these restrictions. As a consequence, most regional airports face significant compensations to property owners.
Introduction
Airport operation generates several externalities, some of which manifest on the property market-both negative (air pollution and noise, catastrophic risk, view disturbance) and positive (job availability, well-developed infrastructure, and public transit) [1] . Although the evidence shows there is a link between airports and urban development [2] , airport operation can have detrimental consequences for neighbourhoods in proximity. One of the most profound negative externalities is noise pollution [3] . From an urban economic perspective, the net effect of airport proximity manifests in real estate prices. According to numerous empirical studies coming from different countries (although mostly from the US) airport noise has a significant negative impact on house prices. While some other types of land use limitations can decrease residential housing supply and drive up property prices, the final effects are strongly dependent on the demographic features of the possible buyers [4] .
In many cases, there is a strong tension between economic sustainability (long-term economic growth, stable employment, infrastructure development), and environmental sustainability (limitation of negative externalities-noise, pollution) of the airport's operation. As a consequence, airport growth influences local planning and is often converted into restrictive local zoning plans, limiting potential development on the affected area in order to eliminate negative externalities. In Poland according to the Environmental Protection Law [5] , Limited Land Use Areas (LLUAs) can be created around airports. Until 2018 only selected airports had established limited land use areas (LLUA). During the study period (2008-2016) LLUAs were introduced around: the Warsaw Modlin airport in NowyDwor Mazowiecki, the Poznan-Lawica airport in Poznan, the Warsaw Chopin airport in Warsaw, the Krakow-Balice airport, the Wrocław-Starachowice airport, and the Katowice airport in Pyrzowice. Introduction of both local zoning plan and LLUA can influence house prices. This negative effect can be both direct and indirect. The direct effect is linked to the restriction that decreases the development potential of properties within the area affected. The indirect effect comes from public disclosure of airport noise and increased awareness of the general public (and house buyers) about the negative externalities generated by the airport. It can be argued that higher awareness can later translate into revealed preferences on the housing market and, as a consequence, is discounted in residential prices.
The paper attempts to assess the influence of airports on property prices, and disentangle the effects of (i) airport noise and (ii) land use restrictions (introduced via LLUAs). Negative airport externalities-mostly noise or pollution-decrease both residential satisfaction in the area affected and property values. Additionally, restrictions on land use (for example, related to residential development), a lower density of development, and additional technical regulations (sound isolation requirements) may have a detrimental effect on property prices.
The problem arises when aircraft noise nuisance and imposed land use restrictions overlap. While the former effect was covered by many articles, the later effect is relatively understudied. Moreover, the majority of empirical evidence comes from mature economies (mostly the US, and Western Europe). Thus, it is not sure whether the findings fully apply to other urban and economic settings. It can be argued that in an emerging market, given (i) relatively low environmental and legal awareness of house buyers, and (ii) the low transparency and less efficient market, the negative effect of the airport operation might not be fully discounted in property values. The article aims to address these concerns and fill the gap in the literature regarding relations between airport operation and the property market.
In order to address the research problem, we studied the housing market around two regional airports in Poland: Pyrzowice, and Poznan-Lawica. We use spatial hedonic regression to assess the joint effect of airport noise on property prices. The analysis utilizes the data on housing transactions within the chosen research area around the airport. Data on the sale of houses were obtained from notarial acts gathered in the Real Estate Cadastre and the National Geodetic and Cartographic Resources. To address the problem of endogeneity, and to assess the causal effect of the introduction of an LLUA on house prices we use the Difference-In-Differences (DiD) approach.
The paper is organized as follows. The following section reflects on previous research, listing major findings from other empirical studies addressing the impact of airport operation on property values. The Section Materials and Methods discusses the methodology of the research, comparing study areas, describing datasets, and explaining the econometric approach. In the Results and Discussion sections, we describe major findings of our empirical investigation, as well as we discuss the limitation of the results. The last section presents a summary of the paper.
Previous Research
The results of empirical research concerning the impact of airport operation on property prices (both residential and commercial) are well documented in the economic literature. Since the 1960s several empirical studies have attempted to address the problem using various econometric strategies. The mainstream of empirical research was based on a hedonic framework, as discussed by Freeman, Herriges, and Kling [6] and Nelson [7] . In recent years modified with the growing popularity of spatial econometric methods, fostered by the increasing awareness of the problem of spatial dependence and data availability issues [8] . It is safe to say that the majority of the economic research focused on aircraft noise problem, mainly its relation to property values.
The influence of burdensome neighbourhood and noise on real estate prices were identified and quantified by many authors in different datasets, using different methods as well as for different localisations. Some sources of the results are presented in Table 1 (related to road and rail traffic) and in Table 2 (connected with airport noise). Four main group methods are mostly used for this purpose: (i) models based on price indices [9] , (ii) hedonic models, including spatial hedonic regression models [10, 11] , (iii) counterfactual models, for instance, difference-in-difference [12] , and (iv) stated preference methods [9] . Some authors point out that misspecification of the hedonic price function can seriously undermine its ability to estimate economic values accurately. One of the suggested solutions is related to adding spatial effects or use of Difference-in-Differences approach [13] . There was a conclusion drawn, based on a spline hedonic model, about lack of efficiency of the real estate market when the information about the building of the new highway was announced.
Planes, Trains, and Automobiles:
The Impact of Traffic Noise on House Prices
The author, using spatial autocorrelation models, proved the influence of communication noise on real estate prices changes and found that this relationship is non-linear. 4 Wilhelmsson M. The impact of traffic noise on the values of single-family houses
Traffic noise pollution was found to had had a substantial negative effect on housing values. Single-family houses located in a Stockholm suburb, near a road where the noise was loud, were sold with a total discount of 30%. The authors found that average prices for houses located within a 400-m boundary from railway lines increased by 3.5% relative to the prices for houses located outside the boundary after the removal of train noise externalities had been announced. They discovered that housing prices in the affected area increase by 13.7% on average in the post-cessation period.
Source: Own study [14] [15] [16] [17] [18] .
Stated-preference methods are based on surveys, interviews or quasi-experiments, which allow respondents to express their willingness to pay for environmental improvements. In most cases, the received results are not robust for a change of assumptions as well as for different research subsamples. The applied economic research addressed the problem of negative externalities of airport operations using different econometric techniques, for different types of real estate-land, commercial property, and residential property. The studies were conducted in different periods, as well as for markets characterized by different size.
In the recent two decades, several empirical studies have addressed the problem of aircraft noise on property prices [10, [19] [20] [21] [22] [23] [24] [25] . One of the last studies suggested that aircraft noise have a more profound negative effect on house prices than other types of noise-road and rail noise [3, 26] . Most of the research agrees that airport noise negatively affects property prices. The evidence based on US data [21] suggests that the effect of airport noise is related to the type of function of property. The latter finding was confirmed in European studies [1, 27] . Results seem to suggest that the negative impact of the location of airports is particularly noticeable for residential and recreational properties, whereas for commercial properties the negative effect is compensated by benefits arising from airport proximity [28] .
Selection of research papers on the nexus between airport noise and real estate prices is presented in the table (Table 2) . Results based on a hedonic model, suggests that information about the airport's extension was related to the change of the prices of real estate in its neighbourhood.
Source: Own study [21, 22, 25, [29] [30] [31] [32] .
Nonetheless, it is worth noting that although the body of the empirical research was based on case studies in different countries around the world, most of the evidence comes from mature property markets found in OECD countries. The empirical research on the correlation between noise and property prices (Noise Depreciation Index, NDI) has been synthesized in several meta-analyses, including Shipper, Nijkamp, and Rietveld [33] , Nelson [34] , and Wadud [35] . A recent meta-analysis compared revealed and stated preference data on NDI [9] . In yet another study, the authors used the result from the meta-analysis to estimate the economic cost of noise generated by 181 major airports in the world [36] .
In Poland, the problem was long overlooked, and only recently empirical studies on the impact of airport noise on property prices have become available. The empirical research focused on major airports in Poland, mainly on the Poznan-Ławica airport [1, 37] , the Warsaw-Okecie airport [38] or the Katowice-Pyrzowice airport [39] .
Compared to the relatively large body empirical evidence on the impact of aircraft noise on real estate prices, relatively little has been done to investigate other consequences of airport operation. One of the issues that have not received enough theoretical and empirical attention is land use restrictions around airports. Land use restrictions can significantly affect the operation of the land and housing market. A recent simulation-based study in the US has revealed that intensive zoning can result in a reallocation of development [40] . One obvious contagion effect of the latter would be a significant price premium observed for properties not subject to restrictive protection. Few empirical studies investigated the effect at micro-level, one of them being Gao et al. [41] who found a positive impact of maximum allowable development density imposed on land parcels (floor area ratio) and the land prices in Tokyo. The topic was also addressed in Poland. Recently, links between land use planning and property prices have been investigated by Forys and Putek [42] , Zygmunt and Gluszak [43] , and Gluszak and Zygmunt [44] . According to some authors [4] , the land used regulations can result in three different effects. The first one is called an own-lot effect, which reflects the cost of regulatory constraints on how land is used. The next one is an external effect, which reflects the value of limitations (cost or benefit) on the use of nearby land. This effect is strongly linked to the distance proximately of the restricted area. The last one is a supply effect, which measures the result of imposed constraints on the supply of developable land. In the case of limitations related to the airport noise, we are focused on the own-lot effect and the supply effect.
To our best knowledge, there are few if any studies that have explicitly addressed the impact of land use restrictions related to the operation of an airport on property values. Restrictions can influence potential land use (for example banning residential development), limit the density of development, and impose additional regulations about technical conditions that must be met by new development (for example better sound isolation). As with airport noise, there is a reason to believe that land use restrictions are discounted in property values.
One of the major challenges is the fact that land use restrictions overlap aircraft noise patterns. Potential endogeneity related to the latter problem can lead to substantial bias in hedonic estimates of airport noise. The empirical problem is that noise and restrictions effects are sometimes hard to disentangle. In many cases, Limited Land Use Areas (or Restricted Land Use Areas) are explicitly based on noise maps. Joint effect of noise and land use restrictions is the subject of empirical investigation in this paper. In the next section, we describe the study areas and the empirical strategy applied.
Materials and Methods

Study Areas
In the paper, we investigate the influence of an airport on residential property prices. We try to assess the joint effect of (i) airport noise and (ii) land use restrictions (introduced via zoning plans and LLUAs). In this research, we analyse data on two out of twelve regional airports in Poland: the Katowice-Pyrzowice airport, and the Poznan-Lawica airport (Table 3) . Both Katowice-Pyrzowice airport and the Poznan-Lawica airport are located in the western part of Poland. The basic selection criterion is based on their relative importance, that can be measured by the number of passengers served in recent years (based on which they are ranked as the 4th and the 7th airport in Poland respectively). While we can argue that both selected airports are relatively similar concerning the importance and geographic location, they differ significantly concerning an urban setting. Poznan-Lawica is located in the city of Poznan in a densely populated and heavily urbanised area. On the other hand, Katowice-Pyrzowice is located outside the urban area of Katowice in the less developed rural setting. This particular difference affects the activity on the housing market, measured by the number of sales in the study period. Another important difference is the date of the introduction of the LLUA. The LLUA around Poznan-Lawica was set up on 28 February 2012, whereas in the case of Katowice-Pyrzowice the LLUA was introduced on 15 September 2014. Due to the disparity in the dates of LLUA introduction the study uses different study periods for two selected airports: 2008-2014 for Poznan-Lawica and 2007-2016 for Katowice-Pyrzowice (longer study period needed to obtain a sufficient number of transactions). These study periods include the periods before and after LLUA introduction. A total number of 884 transactions were collected for Poznan Lawica (478 before and 406 after the introduction of LLUA). In the case of Katowice-Pyrzowice, the research was based on 109 transactions (87 before and 22 after the introduction of LLUA).
In both cases, the research is based on the data on house transactions (e.g., time of sale, sale price, information about buyer and seller) around the two selected airports and was obtained from notarial deeds gathered in the Real Estate Cadastre and the National Geodetic and Cartographic Resources. Additional information on house attributes (e.g., usable building area, lot area, technical condition of the building) was obtained by onsite scrutiny and additional spatial information available online. Transactions were geo-coded.
The comparison between the two airports can be interesting for two reasons. Firstly, the LLUAs in both cities have different introduction date and the extent of restrictions imposed. In the case of Katowice-Pyrzowice, inside the LLUA any conversion, extension, and refurbishment of residential buildings are restricted with regards to allowable building acoustic performance. As a result, sound absorption and noise reduction norms must be met in case of windows, as well as construction and materials for walls and ceilings. In the Poznan-Lawica case, the situation is more complex as two zones within the LLUA were created. In the inner LLUA zone restrictions regarding residential buildings are similar to those affecting properties around Katowice-Pyrzowice. No significant restrictions regarding residential buildings were imposed for properties located within the outer LLUA zone around Poznan-Lawica (Figure 1 ). 
Econometric Approach
We use hedonic regression to assess the joint effect of airport noise and the introduction of an LLUA on sales prices. To investigate the impact of the introduction of an LLUA around the airport on property prices we modified standard hedonic approach and used: (1) hedonic regression with linear splines as a baseline model, and (2) the difference-in-differences hedonic regression approach. Many sources confirm that the results obtained using hedonics models strongly depend on the functional form used [45] , consideration of the temporal effect [46] and segmentation of the market [47] . In line with mainstream urban and housing research using hedonic models, the semi-log form was utilized. Although there are several advantages of more flexible and complex functional forms (like Box-Cox transformation), in the presence of omitted variables semi-log form is more robust and accurate [48] .
To take account of the spatial dependence found in the house sales data, aside from the standard hedonic regression model (OLS), we used spatial regression models that take account of spatial disturbances, assuming that such approach outperforms standard specifications of the hedonic price functions [49] . Although there are at least two crucial questions related to the usefulness of such models: what kind of the model do we prefer and which estimation procedure is appropriate [32] . Fixity in location makes real estate subject to the various spatial phenomenon. Firstly, there are salient neighbourhood effects and environmental externalities that manifest locally and affect property prices. Some of them can be explicitly treated in a hedonic model, but some are not directly observed, sometimes due to data limitations [50] . The failure to account for unobserved factors induces omitted variable bias. The econometric model that explicitly addresses spatial heterogeneity, and can be used to correct for unobserved factors that affect property prices is spatial error model (SEM), and is given by [51, 52] : Secondly, the activity reported on the market differs significantly due to location factors. As noted before, Katowice-Pyrzowice airport is located outside the major metropolitan area, and the residential property market around can be classified as inactive (thin). Out of 109 transactions during the study period, 89 were outside LLUA, and 20 inside LLUA. On the other hand, Poznan-Lawica airport is located more centrally within the city. The property market in the proximity is fairly active. Out of 884 recorded transactions, 824 were outside LLUA and 60 inside LLUA (18 in inner LLUA zone and 42 in outer LLUA zone). That resulted in a significant difference in sample size reported in each city (Figure 1 ).
To take account of the spatial dependence found in the house sales data, aside from the standard hedonic regression model (OLS), we used spatial regression models that take account of spatial disturbances, assuming that such approach outperforms standard specifications of the hedonic price functions [49] . Although there are at least two crucial questions related to the usefulness of such models: what kind of the model do we prefer and which estimation procedure is appropriate [32] . Fixity in location makes real estate subject to the various spatial phenomenon. Firstly, there are salient neighbourhood effects and environmental externalities that manifest locally and affect property prices. Some of them can be explicitly treated in a hedonic model, but some are not directly observed, sometimes due to data limitations [50] . The failure to account for unobserved factors induces omitted variable bias. The econometric model that explicitly addresses spatial heterogeneity, and can be used to correct for unobserved factors that affect property prices is spatial error model (SEM), and is given by [51, 52] :
where the dependent variable P is the property price, X is a vector of attributes affecting prices (structural, location, neighbourhood), and β is a vector of regression coefficients. In a second equation, W is a spatial weight matrix, λ is a spatial coefficient related to the autocorrelation of the error term, and ξ is an error term subject to spatial autocorrelation (a function of pure error term ε).
To account for a different kind of spatial dependence or spatial spillover effects, we used the Spatial Autoregressive Model (SAR), sometimes referred to as the Spatial Lag Model, both of them being particular cases of Spatial Durbin Model [53] . Spatial spillover is related to property prices being affected by the prices of properties in the neighbourhood (due to information flows, contagion effects). It requires a spatially lagged dependent variable to be included in the equation. Thus the hedonic model is given by [51] :
where ρ is the spatial lag coefficient for dependent variable and WP is the spatially-lagged dependent variable P. The spatial weight matrix is a canonical concept of spatial econometrics used to define the spatial dependences between observations in the research sample. It represents an association between observations across space and is based on the intuition that distances between objects in an urban area are related to both similarity and propensity to influence one another [54] . There is no theory on the appropriate shape on this matrix, while different specifications lead to different results [13, 55] .
In our research, the spatial weight matrix was based on the geographic location of houses sold in the study period. The spatial weight matrix can be defined in many ways, most of them theoretically discussed and experimentally tested in the literature [56] . In our study, we used the inverse distance matrix W, commonly used in applied hedonic research. The choice of this particular distance is justified by the notion that property sales in proximity were significantly more related than ones further away.
Spline regression is a modification of standard regression that can be used to address structural change in the relationship between independent and dependent variables. It is a specific case of piecewise regression that does not allow for discontinuity. The methods were used within the hedonic regression framework by Smersh and Smith [57] and Chernobai, Reibel, and Carney [14] . We use a baseline spline regression model to check whether the house price dynamics changed significantly after the LLUA was introduced. Additionally, we investigate whether house price dynamics was similar within the area affected by airport noise (LLUA) and reference area outside. The spline regression approach appears to be more justified than piecewise regression since changes in house price dynamics should be gradual within the study period. The knots used in constructing splines are based on a date (month) of the introduction of the LLUAs in the Poznan-Lawica and Katowice-Pyrzowice airports relative to the beginning of the study period (January 2008 in case of Poznan and January 2007 in case of Katowice). For Katowice-Pyrzowice airport we applied the following hedonic model with linear splines:
In a regression equation, lnP is a dependent variable (natural logarithm of sale price), and X i is the vector of control variables (salient real estate attributes that affect its price). TG (Treatment Group) is a dummy variable equal to 1 if a property is located within an LLUA and 0 otherwise. The month is a time variable related to the month the particular transaction took place (number of months since the beginning of the study). Spline is a time variable equal to 0 if the month is less than 93, and equal to month -92 otherwise. Coefficient β captures the impact of selected property characteristics on property prices, while τ indicate the house price dynamics. Coefficient γ captures the price difference between the Treatment and Control groups at the beginning of the study period. The coefficients ϕ and ω of spline adjustment variables indicate the change in house price dynamics both in Control and Treatment group respectively, after LLUA introduction in September 2014.
The situation in Poznan was more complicated because two zones within the LLUA were formed. The inner zone was created based on the noise level equal to L AeqD = 60 and L AeqN = 50 dB, while the outer zone was based on the L AeqD = 55 and L AeqN = 45 dB noise levels. Due to multiple zones within the LLUA in Poznan, we modified our approach to reflect the possibility that house prices were not uniformly affected by different restrictions imposed in particular zones. To account for that we regressed natural logarithm sales price (P) on property characteristics X using the modified hedonic equation, with linear splines:
Compared to the previous case, TG inner and TG outer are the Treatment Group dummy variables equal to 1 if a property is located within particular LLUA zones (inner and outer). Spline is a time variable equal to 0 if month is less than 50, and equal to month -49 otherwise. Coefficients γ 1 , γ 2 indicate the difference between sale price of properties located in particular area in relation to control area outside the influence of the airport. Coefficients θ 1 and θ 2 capture the difference in price dynamics in both zones prior to the formal introduction of LLUA in February 2012 relative to the control area, and coefficients ω 1 and ω 2 capture the impact of the introduction of an LLUA on property price dynamics, separately for the inner and the outer LLUA zone.
As a robustness check, we applied the difference-in-differences approach. As noted before, LLUAs are not assigned randomly, which may result in the endogeneity problem when building a hedonic price model. As noted by Gibbons and Machin [58] the traditional hedonic approach based on cross-sectional data does not account for the potential endogeneity problem, in our case mostly caused by unobserved noise level differences and other airport operation related risk. To address the problem of endogeneity, and to assess the causal effect of the introduction of an LLUA on house prices we use the difference-in-differences (DiD) approach. The method is based on a comparison of a before-after estimate of house prices in an LLUA (Treated Group, TG) to a comparable properties sales prices outside of this area (Control Group, CG).
Following the general guidelines of the difference-in-differences method based on individual data, for Katowice-Pyrzowice airport we applied the model:
In the regression equation X i is the vector of control variables (salient real estate attributes), TG (Treatment Group) is a dummy variable equal to 1 if a property is located within an LLUA and 0 otherwise. Post is a dummy variable equal to 1 when the sale occurred after the introduction of an LLUA. Coefficient β captures the impact of selected property characteristics on property prices. Coefficient γ captures price difference between the Treatment and Control groups before the introduction of LLUAs around the airport. The latter can be interpreted as a difference caused by the externalities generated by the airport's operation, mainly aircraft noise because the LLUA was defined based on future aircraft noise level (L AeqN = 50 dB in 2020, which closely corresponds to current noise levels during night). Coefficient τ depicts market related price changes in a control group. The role of θ is to capture the pure impact of the introduction of an LLUA on property prices.
As noted before, the situation in Poznan was more complicated, thus in the case of the Poznan-Lawica airport we regressed natural logarithm of the sale price (P) on property characteristics using the modified DiD estimator:
In this modified approach TG inner and TG outer are Treatment Group dummy variables equal to 1 if a property is located within particular LLUA zones (inner and outer). Other abbreviations as in previous equation. Coefficients γ 1 and γ 2 capture the noise effect, and coefficients θ 1 and θ 2 capture the impact of the introduction of an LLUA on property prices, separately for the inner and the outer LLUA zone.
In this paper we estimated three types of hedonic models (OLS, SAR, and SEM) using both the spline and DiD approach. After repeating the procedure for the two airports we finally obtained 12 models (three specifications, two approaches, and two airports). As discussed previously, as a robustness check the estimates obtained from DiD regression were compared to the baseline spline regression approach. We also compared the differences in the results between both airports.
Results
Katowice-Pyrzowice Airport Case Study
In the study, we applied a hedonic regression framework using linear splines in order to obtain an unbiased estimate of the implicit discount related to the introduction of land use restrictions. We also controlled for other relevant house features. Due to data availability, in case of the Katowice-Pyrzowice airport, we were able to use four major attributes. We controlled for the usable building area, lot area, technical condition of the building assessed by an expert valuer on a six-point scale, from very poor/emergency (0) to excellent (5) , and the construction advancement stage [59] . The list of variables is presented in Table 4 . Having controlled for the most relevant property characteristics, we investigated the impact of the introduction of an LLUA on property prices. Based on the hedonic framework with linear splines (Eq. 3) we estimated three hedonic price models-classic OLS and two spatial hedonic SAR models (Spatial Autoregressive model, Spatial Lag Model) and SEM (Spatial Error Model). The latter two models could potentially mitigate the problem of unobserved neighbourhood effect or spatial spillovers. In both cases, we used the inverse distance spatial weight matrix. Estimation was made in STATA 13.1 with the spatreg module (by M. Pisati). The results are presented in Table 5 . The dependent variable was natural logarithm of the sales price. The models have an average fit to empirical data (R-squared in the OLS model is equal to 0.615), but due to the sample size only selected variables significantly affect house prices. The results did not differ significantly between the OLS, SAR and SEM models. It is worth noting that spatial coefficients (λ, ) were not statistically significant. The latter result, backed by Moran I and LM tests of spatial dependence lack of significant spatial dependences in the sample. This may indicate that neighbourhood effects, and unobserved location externalities did not significantly alter the results. Sales prices were strongly influenced by both usable building area (elasticity = 0.78) and lot area (0.1). The price depended on the technical condition of the building (techcond), as well as completion stage (although in case of the latter we were able to get statistically significant effect only for the frame completion stage). As expected, finished buildings in better technical conditions were sold for a higher price, all other things being equal.
We have not observed a statistically significant difference between sales prices inside and outside the LLUA before it was announced (insignificant coefficient of the TG variable). This may indicate that noise differences have not affected house prices significantly, because the LLUA was defined based on noise level.
The data has not revealed any significant price dynamics during the study period, both before and after September 2014 (month and spline coefficient close to 0, and statistically insignificant). The same observation applies to differences in house price dynamics between the LLUA and the reference housing market area. We were especially interested in finding whether the house price trend has changed for properties affected by the introduction of the LLUA after September 2014. Although the TG*spline coefficient is negative, which is a plausible and expected result of the introduction of land use restrictions in the area around the airport, the result is not statistically significant (at alpha = 0.05). Nonetheless, a word of caution is needed here. The lack of statistical significance can have a more practical explanation. It can be a result of the relatively small transaction sample (out of 20 sales recorded in the study area after the introduction of LLUA, only 4 were inside the LLUA itself).
As a robustness check, we estimated the DiD model (Equation (5)) using the OLS, SAR and SEM specifications. The dependent variable was a natural logarithm of the sales price. The results are presented in Table 6 . Table 6 . Difference-in-differences models for the Katowice-Pyrzowice airport. Coefficients for control variables in the DiD models are similar to those from the spline regression models. Spatial models results were similar to OLS estimates (spatial coefficients once again insignificant). Sales prices were strongly influenced by both usable building area (elasticity = 0.75) and lot area (0.1). Technical condition and completion stage also affect the property prices, similarly to the baseline spline regression model. We have observed the difference between the treatment group (properties located within the LLUA) and the control group (properties located outside the LLUA) in the period before the introduction of the LLUA. A positive sign of the coefficient suggests that despite being affected by higher aircraft noise, the price paid for residential properties was higher. Nonetheless, no conclusions can be drawn because the coefficient was not statistically significant. The latter is mainly due to the relatively thin housing market around Katowice-Pyrzowice.
Variables
Contrary to spline regression, the difference-in-differences model suggests a statistically significant drop in the values of houses sold inside the LLUA after it was introduced. Based on the value of the TG*post coefficient (−0.707), we can conclude that prices decreased by as much as 51%. The same was not observed outside the LLUA. Although the direction of the effect is plausible, the size of the effect is not equally justified. We believe the result must be treated with caution due to the relatively low activity of the market since September 2014 when the LLUA was introduced (only 20 transactions, out of which four were inside the LLUA). Even though spatial regression models take account of unobserved neighbourhood effects, the significant share of this sudden drop can be attributed to other unobserved characteristics (as we were only able to monitor only some of the key structural variables).
There is an alternative explanation, in line with the recent urban economics research that examines the impact of asymmetric information on the hedonic equilibrium. The hedonic model assumes the house buyer having access to available information, thus amenities (disamenities) are effectively capitalized (discounted) in property prices. Several empirical studies have suggested among many markets that asymmetric information can lead to market distortions. If it is the case, airport noise may not effectively influence the choices of house buyers (and in the NDI). Introduction of the LLUA, apart from the restriction on property use, is, in fact, public disclosure of noise levels. It increases aircraft noise awareness of the local community and house buyers. Moreover, in case of Katowice-Pyrzowice the LLUA was defined based on the forecast of the airport noise level in 2022, thus house price adjustment process can be related to the anticipatory effect (found in several studies related to infrastructure provision and its impact on the property market). Nonetheless, we believe that for the relatively thin and inactive housing market around the Katowice-Pyrzowice airport land use restrictions provide a more plausible explanation.
Poznan-Lawica Airport Case Study
In the study, we applied the hedonic regression framework. In order to obtain an unbiased estimate of the implicit discount related to the introduction of land use restrictions, we had to control for other relevant house features. Due to data availability, in case of the Poznan-Lawica airport, we were able to use more attributes. We controlled for the building area, lot area, technical condition of the building, assessed by an expert valuer on a three-point scale from 1 (poor) to 3 (very good), and the distance from the city centre (as the airport was located inside the municipal area of Poznan). Additionally, we controlled for the influence of Krzesiny Military Airport land use restrictions (in many cases the latter overlapped with the Poznan-Lawica Airport LLUAs). The latter was crucial in order to disentangle the pure effect of the introduction of the Poznan-Lawica Airport LLUA on sales prices. The list of control variables is presented in Table 7 . As previously, we estimated three hedonic price models with linear splines (Equation (4))-classic OLS and two spatial SAR hedonic models (Spatial Autoregressive model, Spatial Lag Model) and SEM (Spatial Error Model). Results are presented in Table 8 . The dependent variable was a natural logarithm of the sales price. The models for the Poznan-Lawica airport have a slightly better fit to empirical data than in the case of the Katowice-Pyrzowice airport (R-squared in the OLS model is equal to 0.689). Similarly, we have not observed significant spatial dependence. Control variables coefficients have expected and intuitive signs. The results suggest that both building area and lot area significantly increase sales price (elasticity 0.633 and 0.121, respectively). The same applies to the technical condition of the building. The sale prices decreased along with the distance to the city centre (in line with urban economics theories). We have not found a significant trend in price dynamics during the study period. The prices decreased a bit in 2014. The results suggest that a decrease was reported for both the inner and outer LLUAs, but only in case of the latter, the coefficient was statistically significant. We conclude that more detailed data is needed to get conclusive results (we were not able to control for some of the neighbourhood characteristics due to the data availability problem).
As a robustness check, yet again we estimated a DiD model (Equation (6)). Results are presented in Table 9 . As previously, the dependent variable was a natural logarithm of the sales price. The results are in line with spline regression in most cases. Both building and lot area explained property prices. Transaction prices were also affected by the technical condition of houses being sold. In line with the urban economic theory, the distance from the city centre significantly reduced the sale prices in Poznan (1 km increase in distance reduced prices by 2.3%). The location of a military airport within LLUA Krzesiny was of no significant effect.
We have not found a significant decrease in sale prices in both the inner and outer LLUAs after they were introduced. Although similar to the previous findings, we observed negative coefficients for the DiD variables (−0.176 for inner LLUA zone and -0.033 for outer LLUA zone), the coefficients were not statistically significant.
Discussion
The results of empirical investigation generally suggest that the introduction of LLUA had a negative effect on prices of the property affected (Treatment Group) compared to similar properties located outside LLUA (Control Group). Nonetheless, we got statistically significant estimates only for some of the models estimated (DiD specification for Katowice-Pyrzowice and linear spline specification for Poznan-Lawica). Although the signs of the coefficients were intuitive (in line with prior expectations), the effect size differed across specifications. In some cases, the results did not seem plausible (for example DiD specification for Katowice-Pyrzowice).
Although inconclusive, the estimates suggest that the effect of the introduction of an LLUA on property prices to some extent depends on the restrictions imposed on property owners (Katowice-Pyrzowice or inner Poznan-Lawica LLUA). In general, as expected, more rigid restrictions seem to translate into higher discount in property prices, but again not always the results were statistically significant. Moreover, further research will have to deal with data quality issue-both omitted variable bias and measurement problem [59, 60] . We conclude that more research is needed, especially because the problems of land use restrictions related to the operation of airports and its impact on property prices have been generally overlooked in the empirical research. To our best knowledge, it is the first study that searches for the linkages while controlling for aircraft noise impact.
The research findings on airport externalities have several practical implications, as demonstrated in many recent papers [25] . Like many other papers on the nexus between environmental sustainability and economic development [61] , our research related to the restrictions resulting from the introduction of limited use areas (LUAs) around two large Polish airports is a pioneering one, as it does not concern only acoustic damage. They are part of a wider problem related to the risk of airport management. This risk is due to the not fully quantified scope of compensation and the unclear jurisprudence on the sequencing of payments, including the duplication of acoustic and proprietary damages after the introduction of the LUA. Therefore, further studies can be continued in two directions: assessment of the scale of discrepancies between the expectations of property owners as to the amount of loss and the estimated values, taking into account econometric models (including non-linear ones). On the other hand, airport risks related to further investment plans and potential claims will be estimated, taking into account the location options of new investments. The problem of inactive markets, where transactions in similar real estate are not quoted, also remained unresolved methodically. The solution lies in the extent to which parallel markets in the vicinity of other airports can be addressed in such situations. The meta-analysis could be used to identify variables that could be indicative of the similarity of these market situations, and the impact of land use regulations related to the operation of different airports on property prices. The latter research would supplement the findings of recent systematic surveys on the monetary value of aircraft noise.
Conclusions
In the study, we examined the joint effect of both airport noise and land use restriction on property prices around selected regional airports in Poland. We estimated several hedonic models (with linear spline regression models and using difference-in-differences approach) for two airports-Katowice-Pyrzowice and Poznan-Lawica. Despite using data for all house sales around two regional airports observed over a relatively long period (before and after the introduction of respective LLUAs) the findings are mixed and partially inconclusive. We were not able to find significant effects in all the models used (latter empirical strategy was applied to check the robustness of the findings). Although a direct comparison of the effects between selected regional airports was not an explicit objective of the study, we have found some similarities. The research differs from many prior studies because we focused on the land use restrictions due to negative externalities generated by the airport operations (mainly aircraft noise) not the relation between property prices and noise itself. Contrary to some other recent research [62] , we have not found strong evidence to support the hypothesis that the introduction of LLUA has a significant impact on property prices. We found some evidence that the introduction of land use restrictions can cause property price decrease, yet the results remain fairly inconclusive (and dependent on model specification). We contribute this effect to fairly inactive single-family housing markets in the proximity of the investigated airports-a situation that is quite typical to many regional airports in Poland.
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